Introduction
Duplex stainless steels microstrocture is balanced with 50% austenite (γ) and 50% ferrite (δ) providing to the steel an excellent combination of mechanical and chemical properties. Duplex and superduplex stainless steels possess high strength and corrosion resistance. However, at particular range of temperatures, intermetallic phases, such as sigma phase (σ-phase), chi phase (χ-phase) and chromium nitrides and carbides could precipitate, promoting a matrix impoverishment in critical alloying elements, i.e. chromium, molybdenum and nickel that leads to decrease toughness values and corrosion resistance in these high alloyed steels [1] [2] [3] [4] [5] [6] . σ-phase increases the hardness and decreases the toughness as well as the elongation of this type of steels [7] and can change the fracture type from transgranular to intergranular related to increase the σ-phase percentage [8] . χ-phase precipitates as a ternary compound containing Fe, Cr and Mo [9] with a wide range of stoichiometry extending from the ternary χ-phase Fe 36 Cr 12 Mo 10 to Fe 36 Cr 12 Mo 3 Ti 7 [10] depending on the steel composition. Chi-phase and σ-phase usually are found simultaneously, and this is the main reason to explain the difficulty to study their individual effect on particular properties [10] .
Microstructural evolution in these steels has been the scope of previous studies [11] [12] [13] , but further information is still needed. In this way, this is the main goal of this research: to study microstructural changes, as well as the evolution of mechanical properties in duplex (UNS S32205) and superduplex (UNS 32750) stainless steels plates considering different thermal treatments, with temperature ranges between 600-1000ºC, simulating real industrial processes, to enlighten when, where and how the formation of the secondary precipitates takes place inside these steels is necessary in order to prevent potential real problems.
Materials and methods
The materials used were duplex stainless steel grade 2205 (UNS S32205, DSS 2205), and superduplex stainless steel grade 2507 (UNS S32750, SDSS 2507). The chemical composition is shown in Table 1 . C, and finally water quench. The aging periods ranged from 1 minute to 9 hours. Metallographic conventional sample preparation has been carried out by grinding and polishing with diamond pastes. Different etching solutions were used including acid-basic reagents as Glyceregia, Grosbeck's, Marble's, Murakami's and Villela's and electrochemical etchings as NaOH and HCl/Ethanol. The microstructural analysis was conducted using an optical microscope Zeiss Axiovert 100 A, and scanning electron microscope FESEM JEOL J-7100F with a coupled Robinson BSE detector. The composition of the different phases was determined using the energy-dispersive X-ray spectroscopy system (EDS) INCA PentaFETx3. In addition, a JEOL JXA-8230 microprobe (with five WDS spectrometers) providing a higher chemical composition accuracy was also used. Microhardness test was performed by microhardness testing machine Galileo ISISCAN OD, applying a uniaxial load of 0.98 kg of compression during 15s.
Results and discussion
In order to analyze the microstructural changes experimented by annealed DSS 2205 and SDSS 2507 steels, optical microscope and FESEM etched specimens observation were performed. A recent study explains in deep the most relevant details [2] .
Scanning electron microscopy characterization. FESEM was also used in etched samples as in previous studies [13, 14] . The formation of oxide layers difficults the identification of the different phases (Fig. 1A) . Hence, only unetched samples were observed in the FESEM and back-scattered electron (BSE) detector. Because σ-phase and specially χ-phase contain higher percentage of molybdenum appeared as brighter phases in contrast with austenite and ferrite. In Figure 1B , the different phases can be clearly observed. The dark spots are identified as carbide and nitrides and FE-SEM-BSE coupled system is the best combination to study secondary phases in DSS and SDSS.
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THERMEC 2016 The energy-dispersive X-ray spectroscopy (EDS) obtained for DSS 2205 and SDSS 2507 showed that early phases are austenite and ferrite which higher relative percentage of nickel and chromium respectively. The intermetallic phases started to nucleate after the samples were heat treated between 1 and 5 minutes: σ-phase, rich in chromium and molybdenum, and χ-phase with a remarkably higher content in molybdenum than any other phase in these steels and a similar content in chromium to ferrite phase. These compositional values are in agreement with previous studies [1, 4, 12, 13] . The first important microstructural change was related to the precipitation of small dark grey and black spots in annealed samples during lower treatment time lesser than 3 minutes (Fig. 2) . Wavelength-dispersive spectroscopy (WDS) of these samples showed an accumulation of chromium nitrides in the dark gray particles. Its nucleation is at ferrite/ferrite and austenite/ferrite boundaries, and also at ferrite/ferrite/ferrite triple points. This precipitation is driven by a high cooling rate as a result of accommodating substantial amounts of nitrogen in ferrite supersaturated solid solution, as previously reported by Nilsson and Wilson [1] . The other dark phases are carbides, distributed mainly intragranularly and heterogeneously all over the austenite and ferrite phases as dark spots in the form of globular particles.
Phase analysis in duplex and superduplex stainless steel. As a result of nitrides and carbides precipitation (ranging from 3 to 5 minutes 1 and 3 minutes for DSS 2205 and SDSS 2507, respectively) σ-phase and χ-phase start their fast nucleation. The addition into the stainless steels of ferrite stabilizers as Cr, Si or Mo, rapidly leads to the formation of the intermetallic phases [16] . σ-phase and χ-phase have a combined growth step, although the amount of χ-phase is certainly higher at the beginning of the process since the apparent inability of σ-phase to nucleate at ferrite/ferrite boundaries without a previously precipitated χ-phase or chromium nitrides at identical position. It could be due to the ferrite stabilizers diffusion values at low time treatments, which might cause a higher local supersaturation that leads χ-phase nucleation, instead of the nucleation of σ-phase. Furthermore, at the phase boundary ferrite/ferrite/austenite triple points and ferrite/austenite boundaries, both phases nucleate. This might be due to the fact this that region is ferrite and is highly chromium concentrated region with a hemispheric morphology, which were observed to only grow towards ferrite phase. Our results show that chromium nitrides precipitate before σ-phase and χ-phase. This nitrides act as a favorable site for the nucleation of the intermetallic phases. Chromium nitrides precipitating at ferrite/austenite boundaries and at triple ferrite/ferrite/ferrite points act as a site of nucleation for σ and χ phases. Figure 3A shows an example of the microstructural features for the studied DSS and SDSS for the described thermal treatment pointing out the location of chromium nitrides. In the long-time treated samples nitrides showed a less interconnected distribution, as a result of the growth of σ-phase and χ-phase, as reported by Breda et al. [17] . As a result of the formation of σ-phase and secondary austenite, the boundaries between the different phases are blurred, losing the originally banded morphology (Fig. 3B) . The linking between single sigma crystals provoke that final σ-phase shape is blunted compared to the starting ferrite morphology. These changes caused an enlargement of austenite phase. Nickel diffuses into ferrite simultaneously to the enrichment in chromium and molybdenum of σ-phase and χ-phase. The enrichment of austenite stabilizing elements in ferrite and the loss of ferrite stabilizing elements, leads to an unstable ferrite that transforms into secondary austenite [11] . In order to better understand the relationship between microstructure and composition EDS-Linescan microanalyses were performed in the long term annealed samples. Figure 4 shows an example of DSS treated for 5 hour, which confirms: chromium and molybdenum content increases in σ-phase and χ-phase respectively, nickel gathers smoothly in austenite and iron content decreases considerably in the intermetallic phases. 
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Optical microscopy characterization. It is important to point out that excellent resolution with some etching reagents referred in the literature were obtained [14, 15] , but others reagents did not offered good performance, therefore were rejected for microstructural characterization (Marble's, Villela's and electrochemical etching with HCl/Ethanol).
The best contrast between ferrite phase and σ-phase is provided by Glyceregia reagent, but in some cases the etching time step (2 minutes), could be considered too high. Grosbeck's can differentiate nitrides (dark phase), but the time of etching required is imprecise (1-10 minutes) . Murakami modified reagent was found to be the best: sufficient contrast between the different phases and short time of etching. Unfortunately, ferrite phase in small percentages is difficult to identify, this similar behaviour is presented with the option of electrochemical etching with a 20% NaOH.
Microhardness characterization. In order to verify how sigma phase affects the hardness SDSS and compare the precipitation dependence of the forming history of the sample, some graphics have been developed which relate the proportion of this phase with hardness ( Figure 5 ). Comparing SDSS as plate specimen( Figure 5A ) and as tube specimen( Figure 5B ) it is worth noting that similar hardness values for both are obtained at the initial state after same homogenization heat treatment and similar values for both type of specimens are also obtained at the highest time of annealing treatment carried out. In both cases the change in hardness is close in treatment time; however, abrupt increase in microhardness is found in SDSS plate whereas slow increase is observed in the SDSS tube. This is correlated tothe maximum of the sigma phase precipitation in plate which is reached faster than in tube. Further study must be carried out in order to find out if the particular texture and anisotropy produced by the different forming processes could affect to the nucleation and growth kinetics of sigma and chi phases. 
Conclusions
The plated-shape duplex stainless steel UNS S32205 and in superduplex stainless steel UNS S32750 samples were been aneled at different times of thermal treatments in order to obverse the microstructural changes in. For the characterization of the microstructure, Murakami's reagent and NaOH electrolytic etching are the best options in OM and combination of FESEM-BSE microscopy on unetched samples offers by far the best accurate and precise phases detection and differentiation, even the Chi-phase, nitrides and carbides, in small amount, were clearly identified due to its different composition.
The progress of the nucleation and growth of secondary phases can be stated as follows: chromium nitrides and carbides, χ-phase (phase with the highest content in molybdenum) and finally σ-phase. Chromium nitrides act as a favorable site for the nucleation of χ-phase. Furthermore, chromium nitrides and χ-phase encourage the formation of σ-phase. However, the growth of σ-phase slows down the increase of chromium nitrides and χ-phase. χ-phase content decreases as more σ-phase is formed, whereas the chromium nitrides remain stable through treatment time and their location is kept from their original nucleation site.
The kinetics of the transformations is related to thermomecanichal history: in SDSS 2750, the σ-phase completely replaces ferrite phase, whereas same thermal treatment conditions the ferritic phase still remains with relevant percentages in DSS 2205. The nucleation and growth kinetics also could be influenced by the previous forming process history of the specimen related to the texture and anisotropy developed in each case, as for SDSS plate and SDSS tube. All these "new" phases nucleating in both duplex and superduplex steels appeared at very short heat treatment time, and unlike the carbides, they all precipitated at grain boundaries, which suggest that it is advisable to avoid employing these steels at this temperature range.
